INTRODUCTION
Leptospiral lipids and fatty acids have been shown to have toxic effects on macrophages (1) and fibroblast cells (2) . Intracutaneous injection of the free fatty acids (FFA) from avirulent cells of Leptospira interrogans serovar copenhageni into guinea pigs induced a marked edema in the skin on the injection site (3) , while that of the polar lipids caused polymorphonuclear leukocyte infiltration (4) .
Recently, we comparatively studied lipids of virulent and avirulent cells of L. interrogans serovar copenhageni (5) . The main lipids of the avirulent cells were FFA as neutral lipid, and PE and LPE as polar lipids. The fatty acids contained by the polar lipids from the avirulent cells were mainly hexadecanoic and hexadecenoic acids, whereas FFA comprised 67.5% octadecenoic acid (3, 4) .
The virulent cells contained about nine phospholipids, and CE and FFA as neutral lipids (5), indicating a more complex lipid pattern in the virulent cells than the avirulent cells. Recently, Embley et al. (6) showed that the lipids contained by 28 strains of leptospires were DPG, PE, phosphatidylglycerol, an amino-containing phospholipid and two polar glycolipids. Cacciapuoti and his co-workers (7) reported the fatty acid compositions of family Leptospiraceas. In the present work, we tried to determine the lipids and their fatty acid compositions from the virulent L.
interrogans cells. We found a large amount of polyunsaturated fatty acids, with a chain length of 14 carbon atoms, in a major phospholipid which was not detected in avirulent cells. These polyunsaturated fatty acids comprised about 67.6% of the fatty acid components of the phospholipid. 
RESULTS

General Analysis of Acetone and Chloroform Extracts for lipids
The acetone extract comprised 11.3%and chloroform extract obtained from the residue after acetone extraction comprised 8.4% of the dry weight of the cells. TL chromatograms of acetone extract (A) and chloroform extract (B) obtained from L. interrogans serovar copenhageni Shibaura virulent strain.
TL plate was developed with chloroform : methanol : water (65:25:4, v/v), and chared with 50% H2SO4 for identifying lipids. Lipids from the acetone extract were labeled from AC-1 to AC-5 in order of decreasing Rf value in addition to FFA and CE. In the same manner, lipids from the chloroform extract were named from CM-1 to CM-8 in order of decreasing Rf value. OH) (10). The presence of amino group in CM-2 was indicated by the absorption bands at 1640 cm-1 and 1550 cm-1 (Fig. 2-C) . From the spectrum, CM-2 was confirmed to be PE. The spectra of AC-1 ( Fig. 2-A) and CM-1 ( Fig. 2-B) were similar to that of CM-2( Fig. 2-C chloroform extract weakly reacted with Phospray reagent, they may be also phospholipids. Table I shows the content and Rf value of each lipid extracted from the TL plate as shown in Fig. 1 acids. Furthermore, the fatty acid components of CM-1 were also analyzed in detail by GC-MS. With the CI mode, mass peaks of 239 and 237 were determined.
Fatty Acid Composition o f Main Lipids
The mass peak of 239 was identified as 238 (the molecular weight of tetradecadi- Table II . Fatty acid composition of the lipids from Shibaura virulent strain of L. interrogans serovar copenhageni
Composition is expressed as the percentage of the total fatty acid methyl esters in each lipid. enoic acid methyl ester) +1, and that of 237 as 236 (the molecular weight of tetradecatrienoic acid methyl ester) +1. Thus, there was an obvious difference in the fatty acid compositions in such main lipids as FFA, CM-1 and CM-2 (PE) (Table II) . However, almost the same fatty acid composition and hexadecanoic, hexadecenoic, octadecanoic and octadecenoic acid contents were obtained in the lipids, AC-1, AC-3, AC-5 and CM-2(PE).
DISCUSSION
In the present work, we analyzed the virulent cells of L. interrogans serovar copenhageni for the fatty acid compositions of phospholipids, FFA and CE. As leptospires cannot synthesize de novo their own fatty acids, they must utilize the fatty acids in the serum added to the culture medium (11). As shown in Table II CM-1, the content of which ranked next to that of FFA in the virulent cells, was detected only in the lipids of the virulent cells but not in the avirulent cells (5) . The fatty acid composition of CM-1 was very interesting, because polyunsaturated fatty acids with a chain length of 14 carbon atoms, such as tetradecadienoic and tetradecatrienoic acids, were found to occupy a large portion of the acids of CM-1. As there are few reports concerning these polyunsaturated fatty acids (12), we assumed that the presence of these polyunsaturated fatty acids in bacteria are very scarce.
Leptospires require fatty acids with a chain length of at least 15 carbon atoms (10), and they utilize long chain fatty acids for their energy source and as constituents of their cell membranes (13). Most of them do no require unsaturated fatty acids, because they are able to desaturate saturated fatty acids such as hexadecanoic and octadecanoic acids to their corresponding monounsaturated fatty acids (14). Leptospires also have a fatty acid degradation system by 13-oxidation, this system being one major catabolic pathway of fatty acids (15). The main fatty acids of CM-i were polyunsaturated fatty acids with a chain length of 14 carbon atoms such as tetradecadienoic and tetradecatrienoic acids. The results suggest that leptospires have an ability to synthesize the polyunsaturated fatty acids with a chain length of 14 carbon atoms by utilizing the fatty acids added to the medium. As we have no data concerning the positions of 
